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simulation
Flow patterns
Best (1987) developed a conceptual model discerning the 
features indicated (in planform) in the ﬁgure to the right. The 
main components of a conﬂuence hydrodynamic zone for a 
schematized right-angled conﬂuence are:
mixing layer
Important feature for the 
mixing of nutrients, pollut-
ants and sediments.
stagnation zone
Zone of low velocities. Typical-
ly, with high concentration of 
nutrients and pollutants. 
complex secondary ﬂow
Recent studies have shown that CFD tools are still not accu-
rate enough to capture the correct secondary ﬂow patterns. 
Important in the mixing processes.
steep water level variations
The study of water levels is relevant for ﬂood prediction.
contracted ﬂow
Zone of high velocities.
recirculation zone
Complex zone with recirculation, 
backﬂow and, sometimes, 
upwelling motions.
Validation
The results of the discordant width case are validated 
agains the experimental data of Yuan et al. (2016).
Velocity ﬁeld
The Figure on the right suggest that the recirculation 
zone dimensions are slightly overpredicted by the 
numerical model.
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RESULTSINTRODUCTION RESULTS
State-of-the-art
Conﬂuences are often studied in schematized geometries 
consisting of straight branches and sharp junction corners.
experiments
Best (1987); Weber et al. 
(2001); Tang et al. (2018)
ﬁeld
Roy et al. (1987); Biron et al. 
(2019); Sukhodolov and 
Sukhodolov (2019)
present study
The picture of the left portraits the conﬂuence ﬂume at Ghent 
University, where the present research is carried out. See 
Creëlle (2017), Schindfessel (2017) and Ramos et al. (2019).
CFD
Bradbrook et al. (2000); 
Schindfessel et al. (2015) 
others
Blanckaert et al. (2010); 
Ottevanger et al. (2010)
junction angle
Typically between 30o and 
120o (Constantinescu et al., 
2012, 2014).
widths ratio
[ω=W/Wd] See Yuan et al. 
(2016) and Tang et al. (2018). 
others
stratiﬁcation effects due to differences in temperature, salinity, 
and/or suspended sediment load of the two incoming streams 
can also signiﬁcantly affect ﬂow hydrodynamics and mixing 
downstream of the conﬂuence.
bed discordance
In Nature, the bed of the tributary 
and main channels are typically at 
different elevations (Kennedy 
1984).
discharge ratio
[q=Qu/Qd] See Schindfes-
sel et al. (2015).
River conuence (photo by Ravindran Rajan).
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Numerical domain
Cartesian mesh
Boundary-conditions
Discretization Schemes
NUMERICAL 
MODEL SET-UP1
Against experimental data 
of Yuan et al. (2016) and 
Tang et al. (2018):
- time-averaged velocities
- turbulent kinetic energy
- Reynolds stresses
VALIDATION
Time independence
Mesh independence
Dimensionless distance of the 
first cell to the wall
TKE solved on the mesh 
(Pope 2004 criteria)
Recirculation zone 
dimensions
Secondary flow patterns
Position of the mixing layer
Bed shear stress
Data regarding the concor-
dant width case
The case with a wider downstream channel shows higher 
values of turbulent kinetic energy in the main channel.
The widening of the downstream channel reduces the re-
circulation zone dimensions.
The mixing layer between the two flows is distorted in the 
case with a wider post-confluence channel.
Other studies point out that bed morphology has an effect 
on the mixing through the formation of the shear layer. 
Future research will include simulations with a scoured 
bed (figure to the right).
Further details and ongoing 
research are available @
VERIFICATION
METHODOLOGY
The open-channel confluence flow experimentally studied by others is analyzed using wall-modelled Large-Eddy 
Simulations. The goal is to investigate the influence of a wider post-confluence channel. Therefore, two cases are 
studied, under the same hydraulic conditions.
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Conﬂuences
Open-channel conuences ows are widely occurring in natural 
waterways as well as in irrigation channels and drainage networks. 
The complex phenomena in conuences are highly inuenced by 
several factors:
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Turbulent kinetic energy
The agreement is fairly good. The application of a wall 
model might explain the discrepancies in the near-bed 
region.
Reynolds stress
The agreement is fair but the maximum values are 
underpredicted by the numerical model.
Effect of the widening of the post-conﬂuence channel
The two simulated cases are compared. The eect of the wider post-conuence channel on the conuence hydrodynamics zone is assessed.
z/Wd
Distortion of the mixing layer (ML)
The TKE distribution suggests that the wider down-
stream channel case has higher values and the mxiing 
layer is distorted.
Upwelling
When the downstream channel is wider, upwelling 
motions develop near the downstream corner. 
Recirculation zone (RZ) dimensions
Using the isovel method (see Schindfessel et al. 2015), the RZ dimensions are estimated based on the simulated veloc-
ity ﬁeld. The comparison between the two cases show that the non-dimenzsionalized recirculation zone dimensions 
with respect to the width of the downstream channel get reduced with a wider post-conﬂuence channel. 
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